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I. INTRODUCTION

The quasi-static compression tests reporied herein were conducted
as part of the Core Materials Program of the 5rlid Mechanics Branch of
the Terminal Ballistics Laboratory.

~
This report 1is the thirdl’2 in a series characterizing the mechan-
ical behavier of armor and asmor penetrators. Such characterization
will provide valuable information to designers of armor vehicles and
armcr penetrators and tc those studying kinetics of armor penetration
processes.

The present study presents the results of quasi-static comprizssion
tests of 5083-H13) aluminum rod and plate. The results consis® of yietd
strength. average stress-strain curves, Poisson's ratic and Young's
modulus.

IT. TEST PROCEDURES

The apparatus, test procedures, and data reduction regimen used
for the testing of the 5083-H131 samples have been reported previously™.
The test specimens were right circviar cylinders, 9.5mm in dizmeter.
machined from either a one-inch diameter rod or a one-inch thick plate.
The specimens cut from the plate were 24mm long and were orienced suiu
that their long axes were pcrpendicular to the surface of the plate.

The specimens machined frum the rod were 28.6mm long and were oriented
such that their long axes were parallel to the axis of the rod. Samples
of both the rod and plate were sent to Frankford Arsenal for chemical
analyses. The rod and plate were not from the same heat of alloy. The
temperature for the tests was approximately 22°C.

ITI. RESULTS

Quasi-static compression tests were performed on 6 rod specimens
and 6 plate spccimens. The average engineering stress-strain curves
from these specimens are pcesented in Figure 1. The vertical crror
bands in Figure 1 indicate the + and - standard deviation in the
stress.** The tests were terminated upon failure of one of the gages.
Table I shows the maximum strains attained prior to gage failure and
indicates that the six tests of the plate specimens terminated at
approximately the same maximum strain. Therefere, the curve shown in
Figure 1 for the plate specimens is the averuage of six tests. The
terminations of the corresponding rests of the rod specimens were

*References are listed on page 12

**Bessel's correction for small samples was applied to the calculation
of the standard deviation®.
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more variable. Therefore, the number of tests used to derive the
average values shown in Figure 1 for the rod specimens was dependent
upon the strain, i.e. the average was based on six tests from 0.0 to
5.22 percent strain, four tests from 5.22 to 5.85 percent strain and
two tests from 5.85 to 6.56 percent strain.

Figure 2 presents the longitudinal and circumferential stress-
strain relationships for one specimen each of the rod and plate.
Poisson's ratios calculated from the ratio of these longitudinal and
circumferential strains are presented in Figure 3 up to a maximum
strain of one percent. Figure 4 shows Poisson's ratio for the rod
specimen up to the maximum strain attained (approximately five pcr-
cent). Poisson's ratios for strains from one to five percent for all
the rod and plate specimens were similar to that shown in Figure 4.

Poisson's ratio for the rod and plate is 0.32 in the elastic
region,is unstable in the elastic-plastic region, and approaches 0.5
as strain increases.

TABLE 1

STRAIN AT TERMINATION OF COMPRESSION TEST

SPECIMEN ROD . PLATE
) $
1 6.56 2.82
2 5.85 3.05
3 5.89 3.33
4 5.22 3.22
s 5.40 3.03
6 €.85 2.92

The average yield strength, Young's modulus, and Poisson's ratio
for 5083-Hi31 aluminum rod and plate are presented in Table I1. The
values within the parentheses are the standard deviations determined
from 6 tests. The yield st-ength is defined as that stress at which
the spgcimens deviated 0.2 percent from proportionality of stress to
strain .

The results of the chemical analyses of the nlate and rod are
shown in Table III.
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TABLE II

MEASURED MATERIAL PROPERTIES
OF 5083-H131 ALUMINUM ALLOY

PROPERTY

Average Yield Strength
(megapascals)
Young's modulus
(megapascals)
Poisson's ratio
Hardness (Brinell)

RGD
273 (6.6)
71.5 (1.0) XI10
0.32 (0.004)
80

TABLE 11!

3

PLATE
314 (2.6)
73.1 (0.3) X10

0.32 (0.006)
95

CHEMICAL ANALYSIS* OF ROD AND PLATE SAMPLES
QOF 5083-H131 ALUMINUM ALLOY

Element Weight Percent

ROD PLATE
Copper <0.1 <0.1
Silicon 0.05/0.15 0.05/0.15
Iron 0.2/0.4 0.2/0.4
Manganese 0.77 £ 0.02 0.72 + 0.02
Zinc <0.1 <0.1
Magnesium 4,81 * 0.05 4,72 £ 0.05
Titanium <0.05 <0.1
Others <0.04 <0.04
Chromium 0.05/0.15 0.05/0.15
Nickel <0.02 <0.02
Tin None detected None detected
Lead <0.02 <0.02
Aluminum Remainder Remainder

3

*Analysis by Emission Spectroscopy - Frankford Arsenal,
Materials Laboratory, Technical Support Directorate.
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CONCLUSION

A series of quasi-static compression tests has been completed on
samples of 5083-H131 aluminum rod end plate. The data generated from
these tests have been reduced and are in a form readily applicable for
users.

It is concluded from the reproducibility shown that the results
presented are an accurate partial description of the elastic and plastic
properties of 5083-H131 aluminum bar and plate,

PRETRREV A



ACKNOWLEDGEMENTS

The authors

would like to thank Dominick DiBerar
the samples and p

do for instrumenting
erforming the compression tests,




450

400 |- T

llll"‘ it
Plore e
M 6 TESTS

350 i ° 4 TESTS

2 TESTS —
300 }-

250 |-

200 ¢

STRESS (M Pa}

150 - {

100 -

S0H

ot I 1 L 1 | ! ] )
0 .80 1.60 240 3.20 4.00 480 5.60 6.40

STRAIN (PERCENT)

Figure 1. Average Stress- Strain Curves for Compression Tests of 5083 -H13!
Aluminum Rod and Plate

10




‘@Jo|q puD

poy wnulwnly |SIH-E80S O Yo03 uewidadg BuQ 10§ SBAIND) UIDMG SSBNG -7 3By

(IN3D¥3d) NIVILS

oot 060 080 0L0 090 0s0 oro oto 0Zo oo

I ] i i 4 i 1 i 1 T

—

1ouipay1buoy

[OOSR JUNIND)

000

000

00°0§

0000t

00'0s!

00002

0002

0000t

00°0st

(SIVOSVdVOIW ) SSINLS

11




et A S DRSNS TS % e meed e e -

"8J0|d PuD poy waulwnly [ElH-£80G jO uawideads auQp 10y
juediag suQ jo WIDNG "XDW D Of d] UIDNG jJO UOHDUNJ D SD OIDY §,UOSSIOY - £ ainB1y

( IN3D¥3d) NIv3LS

00t 060 080 0L0 090 0s0 ovo 0€0 0z'0 oro 000
r T — 3| T T T T T T 009
HOl 0
Hozo

0t’0

OllvY¥ S/NOSSIOdJ

ovo

—106°C

12




REFERENCES

E. A. Murray, Jr. and J. H. Suckling, BRL-MR 2399, "Quasi-Static
Compression Stress-Strain Curves -- I, 1066 Steel', Ballistic
Research Laboratories, Aberdeen Proving Ground, MD, January 1974,

E. A. Murray, Jr. BRL-MR - in preparation, ''Quasi-Static Compres-
sion Gtress-Strain Curves -- II, 7039 Aluminum'', Ballistic
Research Laboratories, Aberdeen Proving Ground, MD.

M. J. Moroney, Facts From Figures, 1964 Edition, Penguin Books
Inc., Baltimore, MD, p. 226.

Taylor Lyman, Ed., Metals Handbook, 1948 Edition, The American
Society for Metals, Cleveland, Ohio, p. l6.

14




DA S B I S S S i s i i oy a8 S B e e e Sl

THPIR ST

DISTRIBUTION LIST

| FES e

i s W

No. of No, of
Copies Organization Copies Organization
2 Commander 1 Director

Defense Documentation Ceater
ATTN: DDC-TCA

Cameron Station

Alexandria, VA 22314

Director

Defense Advanced Research
Projects Agency

ATTN: Tech Info

1400 Wilson Boulevard

Arlington, VA 22209

Commander

US Army Materiel Command

ATTN: AMCDMA, Mr. N, Klein
Mr. J. Bender

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander

US Army Materiel Command

ATTN: AMCRD, BG H.A. Griffith
5001 Eisenhower Avenue
Alexandria, VA 22333

Commander

US Army Materiel Command
ATT™N: AMCRD-T

5001 Eisenhower Avenue
Alexandria, VA 22333

Commander
US Army Materiel Command
ATTN: AMCRD-WN-RE,

Mr. Corrigan
5001 Eisenhower Avenue
Alexandria, VA 22333

Commander

US Army Aviation Systems
Command

ATTN: AMSAV-E

12th and Spruce Streets

St, Louis, MO 63166

15

US Army Air Mobility Research
and Development Laboratory

Ames Research Center

Moffett Field, CA 94035

Commander
US Army Electronics Command
ATTN: AMSEL-RD

AMSEL-HL-CT, S. Crossman
Fort Monmouth, NJ 07703

Commander
US Army Missile Command
ATTN: AMSMI-R
AMSMI -RBL
Redstone Arsenal, AL 35809

Commander

US Army Tank Automotive Command
ATTN: AMSTA-RHFL

Warren, MI 48090

Commander
US Army Mobility Equipment
Research § Development Center
ATTN: Tech Docu Cen, Rldg. 315
AMSME -RZT
Fort Belvoir, VA 22060

Commander
US Army Armament Command
Rock Island, IL 61202

Commander
US Army Electronic Proving Ground
ATTN: Tech Lib

Fort Huachuca, AZ 85613

Commander

US Army Watervliet Arsenal
ATIN: Dr. F, Schneider
Watervliet, NY 12189




. b oorlicai gl o s e AR TR TN W7 8 TETRINTR IR BT T R R e

DISTRIBUTION LIST

No. of No, of
Copies Organization Copies Organization
1 Commander 1 Director

US Army Harry Diamond Labs
ATTN: AMXDO-TI

2800 Powder Mill Road
Adelphi, MD 20783

Commander
US Army Materials and
Mechanics Research Center
ATTN: AMXMR-ATL
AMXMR-T, J, Bluhm
AMXMR-XH, J. Dignam
AMXMR-X0, E. Hagge

US Army Ballistic Missile
Defense Systems Office

1320 Wilson Boulevard

Arlington, VA 22209

Director

US Army Advanced BMD
Technology Center

ATTN: CRDABIi-5, Mr. W. Loomis

P. 0. Box 1570

Huntsville, AL 35809

AMXMR-XP, Dr. J. Burke Comsander
Watertown, MA (2172 U< Army War College
ATTN: Lib

Commander

US Army Natick Laboratories
ATTN: AMXRE, Dr, D, Sieling
Natick, MA 01762

Deputy Assistant Secvetary of
the Army (RE&D)

Department of the army

Washington, DC 20310

HQDA (DAMA-ARP-P, Dr. Watson)
Washington, DC 20310

HQDA (DAMA-MS)
Washington, DC 20310

Commander

US Army Reseawvch O“fice
(Purham)

Box CM, Duke Station

Durham, NC 27706

Commander

US Army Rallistic Mirsile
Defense Systems Command

ATTN* SENSC, Mr. Davidson

P. ., Box 1500

Huntsville, AL 35804

Carlisle Barracks, PA 17013

Commander
US Army Command rnd
General Staff Coilege
ATTN: Archivas
Fort Leavenwvorch, KS 6027

Maihematics Research Center
11,8, Army

University of Wisconsin
Madisecu, WT 53706

Commander

!5 Naval Air Systems Command
ATiN: AIR-604

uashington, DC 20360

Commander
U)S Naval Ordnance Systems
Command
ATTN: ORD-0632
ORD-035
ORD-5524
Washington, DC 20360

16

/
|
1
|
%
{
5
i
|

o ST e GO 15

|



m‘@ i L O e e T L it B L A A

[ e St 5 TP A G ARSI AR G e . s . e re mrn e e e

DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
1 Office of Naval Research 1 Director
Department of the Navy Environmental Science
ATTN: Code 402 Service Administration
Washington, DC 20360 U.S. Department of Commerce

Boulder, CO 80302
1 Commander
US Naval Surface Weapons Center 1 Director

ATTN: Code Gr-9, Dr. W. Soper Jet Propulsion Laboratory
Dahlgren, VA 22448 ATTN: Lib (TDS) ;
4800 Oak Grove Drive 3
1 Commander and Director Pasadena, CA 91103
US Naval Electronics Lab
ATTN: Lib 1 Director
San Diego, CA 92152 National Aeronautics and
Space Administration g
3 Director Manned Spacecraft Center i
US Naval Research Laboratory ATTN: Lib i
ATTN: Code 5270 Houston, TX 77058 !
Mr, F. MacDonald
Code 2020, Tech Lib 1 Bell Telephone Laboratories
Code 7786, J. Baker ATTN: Tech Docu Svcs
Washington, DC 20360 P. 0. Box 2008
Ann Arbor, MI 48104
1 AFATL (DLR)
Eglin AFB, FL 32542 1 Dupont Experimental Labs
ATTN. Mr. J. Lupton
1 AFATL (DLRD) Wilmington, DE 19801
Eglin AFB, FL 32542
2 President
1 AFATL (DLRV) General Research Corporation
Eglin AFB, FL 32542 ATTN: Lib
Arlington, VA 22209
1 RADC (EMTLD, Lib)
Griffiss AFB, NY 13440 7 Sandia Laboratories
ATTN: Mr. L, Davison
1 AUL (3T-AUL-60-118) Div 5163
Maxwell AFB, AL 36112 Dr. C. Harness
H. J. Sutherland
1 AFML (Mr. J. Halpin) Code 5133
Wright-Patterson AFB Code 1721
Ohio 45433 Dr. P. Chen

Albuquerque, NM 87115

e

17

|
?

| SN ot TS 4 s bk oA
]

%.




A
"
14

DISTRIBUTION LIST

No. of
Copies Organization

5 Brown University

w

Division of Engineering

ATTN: Prof. R. Clifton
Prof. H. Kolsky
Prof. A. Pipkin
Prof, P, Symonds
Prof. J. Martin

Providence, RI 02192

California Institute of
Technology
Division of Engineering and
Applied Science
ATTN: Dr. J. Milowitz
Dr. E. Sternberg
Dr. J. Knowles
Dr. T. Coguhey
Dr. R, Shield
Pasadena, CA 91102

Carnegie Mellon University
Department of Mathematics
ATTN: Dr. D. Owen

Dr. M, E. Gurtin

Dr. B. Coleman

Dr. W, Williams
Pittsburg, PA 15213

Catholic University of America

School of Engineering and
Architecture
ATTN: Prof., A. Durelli
rof. J. McCoy
Washington, DC 20017

Cornell University
Department of Theoretical
Applied Mechanics

ATTN: Prof. E. Cranch
Prof. G. Ludford
Prof. D. Robinson
Prof. Y-H Pao

Ithaca, NY 14850

No. of
Copies Organization
1 Harvard University

18

Division of Engineering
and Applied Physics

ATTN: Dr. G. Carrier

Cambridge, MA 02138

Towa State University
Engineering Research Lab
ATTN: Dr. G. Nariboli

Dr. A, Sedov
Ames, IA 50010

The Johns Hopkins University
ATTN: Dr. J. Ericksen

Dr, J. Bell

Dr. R. Green

Dr. C. Truesdell

Dr. R. Pond
34th and Charles Streets
Baltimore, MD 21218

Lehigh University
Center for the Application
of Mathematics
ATTN: Dr. E. Varley
Dr. R. Rivlin
Prof. M, Mortell
Bethlehem, PA 18015

Massachusetts Institute of
Technology

ATIN: Dr, R. Probstein

77 Massachusetts Avenue

Cambridge, MA 02139

Michigan State University
College of Engineering
ATTN: Prof. W. Sharpe
East Lansing, MI 48823

New York University
Department of Mathematics
ATIN: Dr, J. Keller
University Heights

New York, NY 10053

AT et AR AU ot

i e 2 M i T WML AR APt

et 58 el i Sy i e

i o AL A i 20 MMS M i



TRATRER

it T P AR AR TR SRR TR TR SRR

!
DISTRIBUTION LIST ]
No. of No. of
Copies Organization Copies Organization
1 North Carolina State University 1 Stanford Research Institute
Department of Engineering Poulter Laboratory
Mechanics 333 Ravenswood Avenue
ATIN: Dr. W. Bingham Menlo Park, CA 94025
. P. 0. Box 5071
Raleigh, NC 27607 1 Stanford University
ATIN: Dr. E, H, Lee
, 2 Pennsylvania State University Stanford, CA 94305
Engineering Mechanical Dept :
| ATTN: Prof. Juanzemis 1 Tulane Imiversity i
; Prof. N. Davids Dept of Mechanical Engineering ‘
University Park, PA 16802 ATTN: Dr. S. Cowin
New Orleans, LA 70112
2 Forrestal Research Cunter
Aeronautical Engineering Lab 2 University of California
Princeton University ATIN: Dr. M. Carroll
ATIN: Dr, S. Lam Dr. P. Naghdi
Dr. A, Eringen Berkeley, CA 94704
Princeton, NJ 08540
1 University of California
1 Purdue University Dept of Aerospace and Mechanical
Institute for Mathematical Engineering Sciences
Sciences ATIN: Dr. Y. C., Fung
ATTN: Dr. E. Cumberbatch P. 0, Box 109
Lafayette, IN 47907 La Jolla, CA 92037
2 Rice University 1 University of California
ATIN: Dr. R. Bowen Department of Mechanics
Dr. C. C. Wang ATTN: Dr. R. Stern
P. 0. Box 1892 504 Hilgard Avenue
Houston, TX 77001 Los Angeles, CA 90024
1 Southern Methodist University 1 University of Delaware
Solid Mechanics Division Department of Mechanical
ATTN: Prof, H., Watson Engireering
Dallas, TX 75221 ATTN: Prof. J. Vinson
Newark, DE 19711
2 Southwest Research Institute
Department ot Mechanical 3 University of Florida
Sciences Dept of Engineering Science
ATIN: Dr. U, Lindholm and Mechanics
Dr. W. Baker ATIN: Dr. C. A, Sciammarilla
8500 Culebra Road Dr. L. Malvern
San Antonio, TX 78228 Dr. E. Walsh

Gainesville, FL 32601

19

¢
3
i

fdicinsntant gl

|



DISTRIBUTION LIST

No. of
Copies Organization
2 University of Houston

Department of Mechanical
Engineering
ATIN: Dr. T. Wheeler
Dr. R. Nachlinger
Houston, TX 77004

University of Illinois
Dept of Theoretical and
Applied Mechanics
ATTN: Dr, D, Carlson
Urbana, IL 61801

University of Illinois at
Chicago Circle

College of Engineering

Dept of Materials Engineering

ATIN: Prof. A. Schulta

‘ D. T. C. T. Ting

P. 0. Box 4348

Chicago, IL 60680

University of lowa
ATTN: Dr. K. Valanis
Iowa City, TA 50010

University of Kentucky
Dept of Engineering Mechanics
ATTN: Dr. M, Beatty
Prof. 0. Dillom, Jr.
Prof. P. Gillis
Dr. D. Leigh
Lexington, KY 40506

The University of Maryland
Department of Mechanical

Engineering
ATTN: Prof. J. Yang
Dr. J. Dally

College Park, MD 20742

University of Minnesota

Dept of Engineering Mechanics
ATTN: Dr. R. Fosdick
Minneapolis, MN 55455

No. of
Copies ~  Organization

1 University of Notre Dame
Department of Metallurgical
Engineering and Materials
Sciences
ATTN: Dr, N, Fiore
Notre Dame, IN 46556

1 University of Pennsylvania
Towne School of Civil
and Mechanical
Engineering
ATTN: Prof, Z. Hashin
Philadelphia, PA 19105

4 University of Texas
Department of Engineering

Mechanics
ATTN: Prof., H, Calvit
Dr. M. Stern

Dr. M. Bedford
Prof. Ripperger
Austin, TX 78712

1 University of Washington
Department of Mechanical
Engineering
ATTN: Prof, J, Chalupnik
Seattle, WA 98105

2 Yale University
ATIN: Dr. B, Chu
Dr. E. Onat
400 Temple Street
New Haven, CT 96520

Aberdeen Proving Cround

Marine Corps Ln Ofc
Dir, USAMSAA

20

oo BRI ME L 1 gL sl e

bt ammry v P s ek e

ki, o 2o

O s b



